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2. Claims 



^ aimS v. aa first catalytic converter 

Catalyst system for exhaust gas emission ^V^™^ „ secon d catalyst, and a pipe 

a first catalyst a second <^ Li catalytic converter .s 

SSU *e ««» rado^eexhaustsyste^actenz^m 

eataiytiCyactivesuos^ces. ^ oClaUnUnwhicll 

Catalys. system for ^^"TSSSSUaUd <* - -""Jf "»"" 

active substances. 

of the automobile. 
3 Detailed description of the invention " 

^ne exhaust. More specincany, v 
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multiple catalysts are used and which is distinguished by outstanding lifetime and outstanding 
emission control ability. 
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State of the art 

Monolithic catalysts, for example, are known as catalysts for control of exhaust gas emissions 
from internal combustion engines, especially automobile engines. These monolithic catalysts 
comprise a monolithic support formed from aluminum oxide, cordierite and the like. A carrier 
layer, of aluminum oxide, for instance, is developed on its surface, and is doped with 
catalytically active particles of platinum (Pt), palladium (Pd) and/or rhodium (Rh). 

In the case of monolithic catalysts, the reaction which cleans up the exhaust gas begins more 
easily the higher the exhaust gas temperature is, so that high proportions of cleanup are attained 
at high exhaust gas temperatures. But in the cases in which the exhaust gas temperature is very 
high, or the cleanup reaction evolves substantial heat, the catalytic ability is reduced by thermal 
stress. Also, low engine speeds result in low exhaust gas temperatures, and high engine speeds 
in high exhaust gas temperatures. The exhaust gas temperature also decreases with increasing 
distance from the engine. 

Beginning with this situation, the attempt was made to reduce the impairment of the catalyst by 
thermal stress while maintaining high emission control capacity. It is known that use of two 
catalysts is useful as one such process. In this case, a first catalyst is placed near the engine and 
is connected by a pipe with a second catalyst placed away from the engine. When the exhaust gas 
temperature is high, it is hardly reduced at all by the time the exhaust gas flows into the first 
catalyst, so that the first catalyst exhibits high control capability. Because of the evolution of heat 
in the first catalyst, the temperature of the exhaust gas flowing into the second catalyst is also 
maintained at a relatively high level, improving the control ability of the second catalyst. If the 
exhaust gas temperatures are high, the second catalyst is shielded by the first catalyst against 
impairments in their capability due to thermal stress. 

In this process using two catalysts, the first catalyst is protected from impairments in capacity 
due to thermal stress by moderating to a certain extent the cleanup reaction, which is 
accompanied by evolution of heat, as described in JP-A 53-46515. 

Objective of the invention 

When hot exhaust gas flows into the first catalyst, impairment of the capacity of the first catalyst 
by thermal stress can be avoided only to a certain extent. Also, the moderation of the cleanup 
reaction in the first catalyst, in the long run, results in definite reductions in emission control 
ability. 

Recently, given attempts to reduce the cost of fuel consumption in internal combustion engines, 
high effectiveness has been required for catalysts, especially at low air/fuel ratio (A/F; called 
'mixture' in the following). 
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Based on this situation, the objective of the present invention is to provide a catalyst system for 
exhaust gas emission control which attains outstanding lifetime and outstanding control 
capabilities by use of catalytically active metals which do not lose their abilities at high 
temperatures and with lean mixtures. 

Means for attaining the objective 

Catalyst systems according to the first embodiment described in the first claim have a first 
catalytic converter holding a first catalyst, a second catalytic converter holding a second catalyst, 
and a pipe connecting the two catalytic converters, with the first catalytic converter connected to 
the internal combustion engine ahead of the engine exhaust system. They are characterized in 
that the first catalyst contains at least palladium (Pd) and neodymium (Nd) as catalytically active 
substances. 

In this first embodiment, the first and second catalytic converters are placed at a defined 
separation and connected by a pipe so that the exhaust gas which has passed through the first 
catalyst in the first catalytic converter is cooled to a certain extent [when] it flows into the second 
catalyst in the second catalytic converter. 

Monolithic supports with honeycomb structure or support materials in the form of granules can 
be used as catalyst support materials, according to the state of the art. 

The components of these support materials can, according to the state of the art, be cordierite, 
mullite, a-aluminum oxide, magnesium oxide, spinel, thermostable metals and the like. 

The catalyst carrier layer applied to these catalyst support materials can also be made up of 
aluminum oxide (A1 2 0 3 ) as well as zirconium oxide (Zr0 2 ), Titanium dioxide (Ti0 2 ), or mixed 
oxides in the form of perovskites. 

The present invention according to this first embodiment is particularly characterized in that the 
catalyst carrier layer of the first catalyst is doped with palladium (Pd) and neodymium (Nd). 
Palladium (Pd) is outstandingly heat-resistant and provides excellent lifetime and heat resistance, 
especially with lean mixtures. Neodymium (Nd) suppresses growth of palladium grains at high 
temperatures. Other catalytic metals can also be used additionally in the first catalyst. That is, the 
carrier layer can also be doped, in the usual manner, with noble metals such as rhodium (Rd) 
[sic], platinum (Pt), iridium (Ir), ruthenium (Ru) and osmium (Os) and with base metals such as 
chromium (Cr), vanadium (V), copper (Cu), cobalt (Co) and manganese (Mn), along with Pd and 
Nd. 

The catalyst carrier layer of the second catalyst can be doped with the same catalytic metals as 
the first catalyst. The advantages of the invention are better expressed, as described in Claim 1, if 
platinum (Pt) is used as the catalytic metal with high clean-up capability for the second catalyst. 
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When active aluminum oxide is used as the catalyst carrier layer, the thermal stability can be 
improved further by additional doping with rare earths, such as lanthanum (La) and cerium (Ce), 
and with alkali metals. This proves useful with respect to the storage capacity for 0 2 and 
promotes shift reactions. 

Catalyst systems according to the invention, according to the second embodiment (described in 
Claim 3) have a first catalytic converter holding a first catalyst, a second catalytic converter 
holding a second catalyst, and a pipe connecting the two catalytic converters, with the first 
catalytic converter connected to an internal combustion engine ahead of the engine exhaust 
system. They are characterized in that the first catalyst contains at least palladium (Pd) or 
rhodium (Rh) as catalytically active substances. 

The arrangement of the first and second catalytic converters, the form of the support material and 
its material composition correspond to the first embodiment of the invention. 

The present invention is, according to the second embodiment, particularly characterized in that 
the catalyst carrier layer of the first catalyst is doped with palladium (Pd) and rhodium (Rh). As 
noted above, palladium (Pd), in comparison with other catalytic metals, exhibits long life and 
outstanding heat resistance, especially with lean mixtures. Rhodium exhibits a high capability to 
control nitrogen oxides (NO x ). Addition of rhodium also makes it possible to improve the 
lifetime of palladium (Pd) and the like. 

The same substances can be used for the catalyst carrier layer according to the second 
embodiment of the invention as in the first embodiment. However, it is preferable to use titanium 
dioxide (Ti0 2 ), zirconium oxide (Zr0 2 )> a-aluminum oxide, or mixed oxides in the form of 
perovskites as the catalyst carrier layer for the first catalyst because that can prevent formation of 
mixed crystals [solid solutions] of rhodium (Rh) and y-aluminum oxide. 

With respect to the optional use of other catalytic metals in the catalyst carrier layer of the first 
catalyst and the use of catalytic metals in addition to Pd and Rh in the catalyst carrier layer of the 
second catalyst, the statements made for the first embodiment apply to the invention in the 
second embodiment. 

Operation and advantages of the invention 

1 . Invention according to the first embodiment 

The invention, according to the first embodiment, provides for use of at least palladium and 
neodymium as catalytic metals in the first catalyst. Palladium exhibits high heat resistance and 
outstanding lifetime and heat resistance, particularly with lean mixtures. 
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One reason for the impairment in the abilities of catalytic metals under thermal stress is that 
when the catalytic metals are at a temperature of 700 °C and above, the grains of the catalytic 
metals grow from the original size, usually 3 to 5 nm, to 80 to 100 nm as a result of aggregation 
and sintering. Neodymium inhibits the grain growth of the palladium. Thus use of palladium and 
neodymium makes it possible to attain high thermal resistance. 

Now, because of the outstanding thermal resistance of the first catalyst, it is no longer necessary 
to locate it away from the engine, for instance, to reduce the temperature of the exhaust gas 
flowing into the first catalyst. Also, high proportions of emission control are attained even at 
relatively low exhaust gas temperatures, as the exhaust gas flows into the first catalyst without 
further cooling. Impairments in capacity due to heat can hardly occur in the second catalyst 
because it is protected by the first catalyst, even in those cases when exhaust gases enter the first 
catalyst at high temperature. 

2. Invention according to the second embodiment 

At least palladium and rhodium are used as catalytic metals for the first catalyst in the second 
embodiment. As discussed above, palladium exhibits high lifetime and heat resistance even with 
lean mixtures. Rhodium, in turn, exhibits outstanding emission control for nitrogen oxides (NO x ) 
and improves the lifetime of the palladium. Where, as in the first embodiment, it is no longer 
necessary to reduce the temperature of the gas flowing into the first catalyst, the invention in its 
second embodiment makes possible adequate emission control capability in both the first and 
second catalyst. Also, the invention according to the second embodiment, like the invention 
according to the first embodiment, proves useful in the cases in which the exhaust gas 
temperature is low. 

The present invention provides an overall improvement in the lifetime and clean-up capability of 
the catalytic system for exhaust gas emission control by improving the life of the first catalyst 
both at high temperatures and with lean mixtures. 

Example embodiments 

1 . Example of the first embodiment of the invention 
Preparation of the catalysts 
a) Example embodiment 

To prepare an aluminum oxide powder containing Nd, aluminum oxide powder was soaked with 
an aqueous solution of neodymium nitrate (Nd(N0 3 ) 3 ). After drying, this mixture was calcined at 
700 °C for two hours. Then an aluminum oxide slurry, SI, was prepared by mixing 150 g 
aqueous aluminum nitrate solution (23% A1(N0 3 ) 3 by weight), 700 g aluminum oxide sol and 
300 g water with it and stirring. 
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In addition, to prepare an aluminum oxide powder containing lanthanum (La) and cerium (Ce), 
aluminum oxide powder was soaked with an aqueous lanthanum nitrate solution (La(N0 3 ) 3 ) and 
an aqueous cerium nitrate solution (Ce(N0 3 ) 3 ). After drying, this mixture was calcined at 700 °C 
for two hours. Then an aluminum oxide slurry, S2, was prepared by mixing 150 g aqueous 
aluminum nitrate solution (23% A1(N0 3 )3 by weight), 700 g aluminum oxide sol and 300 g water 
with it and stirring. 

To apply a carrier layer on a monolithic support material of cordierite for the first catalyst, the 
support was immersed in the aluminum oxide slurry SI. Then the slurry was blown into the cells 
with air. After drying for one hour at 200 °C, the carrier was calcined for 2 hours at 600 °C. 

To incorporate palladium into the carrier layer, this carrier was immersed for 2 hours in 2 liters 
of aqueous palladium chloride solution (1.0 g PdCl 2 per liter). The first catalyst, A, as obtained in 
that manner. 

To prepare the second catalyst, B, a monolithic cordierite support material was immersed in the 
aluminum oxide slurry S2, then dried and baked in the same way as for preparation of the first 
catalyst. This support was immersed for 2 hours in an aqueous solution of dinitrodiammine 
platinum (Pt(NH 3 ) 2 (N0 2 )2). After drying, it was immersed for 1 hour in an aqueous rhodium 
chloride solution (RhCL 3 ). The second catalyst, B, doped with platinum and rhodium, was 
obtained in this manner. 

b) Comparison example 1 

The first catalyst C was prepared in a manner similar to the example embodiment, but using an 
aluminum oxide slurry made with an aluminum oxide powder without neodymium (instead of 
the aluminum oxide powder containing Nd). A catalyst which was the same as the second 
catalyst of the example embodiment was used as the second catalyst. 

c) Comparison example 2 

A monolithic support of cordierite, having a size equivalent to the combined sizes of the first and 
second catalysts described above was immersed in the aluminum oxide slurry SI to a length, 
measured from one of its two ends, which was the same as the axial length of the first catalyst 
described above. Then it was doped with palladium as for preparation of the first catalyst, A, of 
the example embodiment. The remainder of the monolithic support (equivalent to the length of 
the second catalyst described above) was immersed in the aluminum oxide slurry S2. Then it was 
doped with platinum and rhodium, as for preparation of the second catalyst of the example 
embodiment. 

Placement of the catalysts 

The drawing shows schematically the placement of the first and second catalysts of the example 
embodiment and the first comparison example. 
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A converter 3 ("manifold converter") which holds the first catalyst 4 is provided immediately 
after the exhaust manifold 2 of the engine. The exhaust gas emerges from the manifold converter 
3 and is connected through a 1.5 meter long exhaust pipe 5 to the exhaust gas inlet of the 
catalytic converter 6 placed in the underbody ("underbody converter). The underbody converter 
6 holds the second catalyst 7. 

In the second example embodiment, the catalyst is placed at the same position as the second 
catalyst of the [first] example embodiment, where it is held in a converter. 
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Testing and evaluation of the lifetime 



The lifetimes of the catalytic systems of the example embodiment and comparison embodiment 
were tested in a two-hundred-hour life test at an engine speed of 3000 rpm and 310 mm Hg 1 . 

After the lifetime test, the catalyst systems were connected to two different engines. The exhaust 
gas temperature with one engine at 3000 rpm and 310 mm Hg was 800 °C. With the other engine 
under the same conditions, the temperature was 700 °C. Then a 10-mode test was run with 
measurements of hydrocarbons (HC), carbon monoxide (CO) and nitrogen oxides (NO x ) (test 
cycle for exhaust gas measurement according to the legal specifications of 1973). The results are 
shown in Table 1. They show that the emission values for the example embodiment are lower, 
and that the example embodiment exhibits better emission control ability. This is apparently due 
to the fact that the palladium remained active even at high exhaust gas temperatures, because 
there is no drop in capacity here due to thermal stress at high exhaust gas temperatures. 

Table 1 





Exhaust gas 
temperature 


Emission values (g/km) 
10-mode test 


(°C) 


HC 


CO 


NO x 


EE 


800 


0.050 


0.251 


0.168 


700 


0.034 


0.202 


0.141 


CE 1 


800 


0.105 


0.400 


0.200 


700 


0.055 


0.302 


0.144 


CE2 


800 


0.110 


0.520 


0.220 


700 


0.060 


0.326 


0.150 



2. Examples of the second embodiment of the invention 
Preparation of the catalysts 
a) Example embodiment 

70 parts by weight of an aluminum oxide sol (aluminum oxide content: 10% by weight), 100 
parts by weight of a-aluminum oxide powder, and 20 parts by weight of water were mixed to 
make a slurry. A cordierite monolith (107 mm diameter, 78 mm long, 400 cells/square inch) was 
immersed in the slurry. After removal, the slurry was blown into the cells with air. After drying 
for 1 hour at 200 °C the monolith was calcined at 700 °C, so that a carrier layer consisting of a- 
aluminum oxide was formed. This carrier was immersed in an aqueous palladium chloride 
(PdCl 2 ) solution. Excess water was blown off for drying. Then the carrier was immersed in 
aqueous rhodium chloride solution and dried in the same manner. The first catalyst (doping with 
catalytic metals: 1.5 g/liter Pd, 0.15 g/liter Rh) was obtained in this manner. 



1 Translator's note: Presumably refers to the exhaust gas pressure 
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To prepare the second catalyst, 70 parts by weight aluminum oxide sol (aluminum oxide content: 
10% by weight), 100 parts by weight y-aluminum oxide powder and 20 parts by weight of water 
were mixed with stirring to form a slurry. A cordierite monolith (elliptical cross section with a 
minor diameter of 45 mm and a major diameter of 146 mm, 143 mm long, 400 cells per square 
inch) was immersed in this slurry. The slurry was blown into the cells with air. Then the 
monolith was first dried for 1 hour at 200 °C and then calcined for 2 hours at 600 °C. 

This carrier was first immersed in an aqueous solution of dinitrodiammine platinum 
(Pt(NH 3 )2(N02)2) and then, after drying, in an aqueous rhodium chloride (RhCl 3 ) solution. The 
second catalyst, B, doped with platinum(1.5 g platinum per liter) and rhodium(0.15 g rhodium 
per liter) was obtained in this manner. 

b) Comparison example 

A first catalyst was prepared as for the first catalyst in the example embodiment, but was dosed 
with 1.5 g platinum (Pt) instead of L5 g palladium. A catalyst of the same structure as the first 
catalyst from the example embodiment was used as the catalyst in the comparison example. 

Catalyst placement 

The first and second catalysts in the example embodiment and in the comparison example were 
placed in the same positions as in the example embodiment for the first embodiment of the 
invention. That is, the first catalyst 4 was placed in the manifold converter and the second • 
catalyst 7 was placed in the underbody converter 6. 

Testing and evaluation of the lifetime 

The catalyst systems of the example embodiment and comparison example were subjected to a 
three-hundred hour life test (1200 cycles, each made up of 1 minute idling, 7 minutes at 5000 
rpm, and 7 minutes stopped). In this case, the maximum exhaust gas temperature was 950 °C, 
measured at the entrance to the first catalyst 4 in the manifold converter 3, and 720 °C at the 
entrance to the second catalyst 7 in the underbody converter 6. The average air/fuel ratio (A/F) 
was 16 during 60% of the test duration and about 14.5 during 40% of the test duration. 

After the lifetime test, the proportion of emission control was measured for hydrocarbons (HC), 
carbon monoxide (CO) and nitrogen oxides (NO x ). The engine was operated at 1500 rpm (low 
exhaust gas temperature) and at 3000 rpm (high exhaust gas temperature). Table 2 shows the 
results, It can be seen from Table 2 that the catalyst system of the example embodiment attains 
better control proportions at all points than the catalyst system of the comparison example. This 
is considered due to the efficient action of palladium and rhodium, but especially because the 
palladium shows only slight decreases in performance in the first catalyst 4, which is in the 
manifold converter 3, at high temperatures and with a lean mixture. 



1 
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Table 2 



Conditions 


Example 


HC (%) 


CO (%) 


NO x (%) 


Low temperature 
(engine speed 1500 rpm) 


AB 


49 


45 


48 


VB 


34 


29 


37 


High temperature 
(Engine speed 3000 rpm) 


AB 


93 


91 


94 


VB 


85 


88 


87 



4. Simple explanation of the drawing 



The drawing shows schematically the positions at which the catalytic converters are mounted. 
Reference numbers : 



1 Engine 

2 Exhaust manifold 

3 Manifold converter 

4 First catalyst 

5 Exhaust pipe 

6 Underbody converter 

7 Second converter 



